Background and Purpose-Various clinical, laboratory, and radiographic parameters have been identified as predictors of outcome for ischemic stroke. The purpose of this study was to combine these parameters into a validated scale for outcome prognostication in patients with a middle cerebral artery territory infarction. Methods-We retrospectively reviewed 129 patients over a 2-year period and considered demographic, clinical, laboratory, and radiographic parameters as potential predictors of outcome. Inclusion criteria were unilateral hemispheric infarcts within the middle cerebral artery territory Ͼ15 mm in diameter. Our primary outcome measure was a favorable recovery defined as a modified Rankin Score was Յ2 at 30 days. A multivariable model was used to determine independent predictors of outcome and weighted to create a 5-item scale to predict stroke recovery. External validation of this model was done using data from the Diffusion and Perfusion Imaging Evaluation for Understanding Stroke Evolution (DEFUSE) study.
P rognostication of functional outcome after ischemic stroke is an important but difficult task. Early stroke models have determined that patient age, baseline National Institutes of Health Stroke Scale (NIHSS) score, and medical comorbidities are factors that impact outcome. 1, 2 In addition to these clinical parameters, volume of infarction measured on CT 3 or diffusion-weighted imaging (DWI) MRI 4 in the subacute period after stroke has also been shown to have predictive value. The combination of clinical and imaging parameters has been suggested to synergistically improve outcome prognostication. 5, 6 However, existing models are limited by their small sample size and heterogeneous populations, including varied infarct locations from which they were derived. In this study, we sought to devise a statistical model using clinical, laboratory, and imaging parameters from a homogeneous population of patients with cortical middle cerebral artery (MCA) stroke with validation from the subjects of the Diffusion and Perfusion Imaging Evaluation for Understanding Stroke Evolution (DEFUSE) study, a separate but similar prospective data set. 7 
Methods

Patients
With institutional approval, we retrospectively reviewed all inpatients diagnosed with an ischemic stroke from June 2002 to June 2004. All patients at our institution were further evaluated with DWI unless they had contraindications for MRI.
Inclusion criteria were: patients presenting with a MCA territorial infarction with corresponding hyperintense and hypointense lesions on DWI and acquired diffusion coefficient, respectively, within 48 hours of symptoms onset. We excluded patients with a baseline disability, those with MRI completed Ͼ48 hours after symptom onset, those patients with MCA infarcts Ͻ15 mm in diameter, those with bihemispheric infarcts, those with hemorrhagic transformation of the infarct present on the MRI, and those with any infarct outside the MCA territory. Patients were also excluded if they had missing data such as a baseline stroke score, DWI volume of infarction, and 30-day follow-up.
Demographic information included gender and age. Medical history including presence or absence of hypertension, diabetes mellitus, hyperlipidemia, atrial fibrillation, smoking, prior stroke, ipsilateral transient ischemic attack within the 4 weeks before the incident event, and coronary artery disease was obtained. Patient admission histories were retrospectively assessed, and the authors identified these conditions as present if mentioned and absent if not mentioned. Discharge summaries were also used to document whether these medical conditions were present or absent during the index hospitalization. Medication use at the time of stroke, including HMG-CoA reductase inhibitors, angiotensin-converting enzyme inhibitors, aspirin, clopidogrel, and/or warfarin, was also collected. Laboratory parameters such as admission white blood cell count and presence of hyperglycemia (predefined as any single blood glucose level Ͼ200 mg/dL within the first 48 hours of admission) were recorded. Clinical stroke severity was determined based on the NIHSS at the time of initial neurological consultation. The use of intravenous and/or intra-arterial thrombolytics along with time from the onset of stroke symptoms to MRI was noted.
MRI Studies
All patients were examined with a clinical 1.5-T MR imager (Symphony or Vision; Siemens, Erlangen, Germany) equipped with enhanced gradients for echoplanar imaging using a standard head coil. The stroke MRI protocol included a 3-dimensional time-of-flight MR angiography of the intracranial circulation and axial DWI spin echo echoplanar imaging sequence (bϭ0, 500, 1000 s/mm 2 ) in 3 gradient directions. Trace DWI images and calculated maps of the acquired diffusion coefficient were generated online by the scanner.
Infarct volume and intracranial MR angiography were measured retrospectively and independently in a blinded manner by 3 authors (S.J.S., N.A.V., A.L.T.) on a standard Siemens MV1000 workstation from trace DWI images and acquired diffusion coefficient maps. DWI abnormalities corresponded to areas of decreased signal intensity on acquired diffusion coefficient maps in all cases. Infarct area of each imaging slice was calculated by tracing the DWI lesion perimeter with a graphing tool available on the Siemens workstation. The product of the slice thickness and the summation of infarct areas gave the infarct volume with the average volume measurement by 2 authors used as the final volume of the ischemic lesion.
MR angiography studies were examined for the presence of a large artery occlusion or near occlusion. These 3 blinded authors also scored MCA vessel patency based on the following criteria. A score of 0 or 1 was ascribed to absent or minimal signal of the M1 MCA, respectively. A score of 2 was given to those vessels with normal M1 MCA signal but decreased M2 signal. A score of 3 represented normal signal in both M1 and M2 MCA.
End Points
Patients were seen in our outpatient neurology clinic 30 days after stroke as part of routine follow-up and were assessed for their level of disability as a standard practice. Modified Rankin Scores were extracted from chart review of the outpatient or rehabilitation clinic note and dichotomized to favorable (modified Rankin Score Յ2) or unfavorable (modified Rankin Score Ͼ2) outcomes as our end point. 8,9
Statistical Analysis
All analyses were performed using SPSS Version 13.0. A univariate analysis was performed to determine the potential predictors of 30-day outcomes. Categorical variables were analyzed using a 2 test, whereas continuous variables were analyzed with a Student t test. Variables with a probability value Ͻ0.10 were entered into a binary logistic regression model to determine the independent predictors of favorable outcome at 30-day follow-up with statistical significance defined as a probability value of Ͻ0.05.
A clinical point scale was derived using the independent variables found in the multivariable model. Using a weighted average based on our results, the significant variables were assigned point values. The maximum points assigned to a patient were 9 based on the variables in the multivariable analysis. The total points were then categorized into 3 scoring categories to predict 30-day clinical outcome.
Receiver operator characteristic curves were also generated for each of the independent variables. The area under the curve was tabulated and recorded for each independent variable and also for the combined point scale variable to determine if the combined scale had a higher sensitivity in determining outcomes in comparison to the individual variables. A Spearman correlation was also performed to confirm that the combined point scale had a stronger association to outcome when compared with each of the significantly independent variables.
Subsequently, the clinical point score was used to predict outcome in patients with MCA cortical infarctions from the prospective DEFUSE trial registry. The DEFUSE registry consisted of 74 patients presenting with MCA cortical strokes within 3 to 6 hours. These patients provided informed consent and then underwent subsequent diffusion-perfusion weighted MRI before and 3 to 6 hours after the administration of intravenous thrombolysis. A third MRI was also obtained at 30 days. The subject's second MRI infarct volume (after thrombolysis) and stroke score just before this scan were considered for model validation.
Based on the multivariable analysis results and point scale described, each DEFUSE registry subject's prognosis was predicted and compared with their actual outcome. The authors were blinded to the DEFUSE registry outcomes at the time of analysis.
Results
A total of 129 patients was analyzed. The mean age, NIHSS, and time to MRI for this cohort were 66Ϯ14 years, 10Ϯ6, and 24Ϯ13 hours, respectively. The etiology for ischemic stroke was as follows: 60 (46%) large artery atherosclerosis, 41 (32%) cardioembolic, 20 (16%) cryptogenic, and 8 (6%) other causes. A total of 61 (47%) patients had the infarct on the right side and 68 (53%) patients were women. Fifteen (12%) patients received intravenous or intra-arterial thrombolytics with only 5 of those achieving a favorable outcome. In total, 58 (45%) patients from our series achieved a good functional outcome, whereas 34 of 74 patients from the DEFUSE registry (46%) were independent at 30 days. Table 1 summarizes the univariate analysis comparing demographic information, medication usage before hospitalization, clinical, laboratory, and radiographic parameters. Time to MRI, use of thrombolytics, or prior use of any medication class did not significantly impact outcome findings. Table 2 summarizes the independent predictors of a favorable outcome at 30-day follow-up. Patients with atrial fibrillation and/or poor MCA patency (score of 0 or 1) on MR angiography were not found to have a significant association with outcomes in multivariable modeling.
The 5 items found to be significant in multivariable modeling were assigned point values to help clinicians tabulate an outcome probability score ( Table 3 ). The area under the receiver operator characteristic curves are reported for each variable individually and for the aggregate total of all variables combined. There is a higher sensitivity in predicting clinical outcomes using the combination of all variables in comparison to the individual variables. The area under the receiver operator characteristic curve using the clinical scale was 0.91 (95% CI, 0.87 to 0.96, Pϭ0.0001). The total point values were broken down into 3 ranges (Table 4 ) with a lower score in the 0-to 2-point range highly predictive of a favorable 30-day outcome. Patients in the 3 to 4 total point range had a 50% chance of a good recovery, whereas those with point totals Ͼ5 points were unlikely to make an independent recovery in our cohort.
Validation was accomplished by comparing the prognosticated outcomes using the previously described point scale with the actual functional status of patients in the DEFUSE study. The sensitivity of the point scale was 83% with a specificity of 86%.
Discussion
Several prediction models have been developed to prognosticate outcome for patients with stroke. Our model is unique in that clinical, laboratory, and radiographic parameters were combined to identify the factors that impact recovery. Patients with increased age, higher baseline NIHSS, larger DWI infarct volume, early hyperglycemia, and admission leukocytosis have greater odds of poor recovery from MCA cortical strokes.
Early predictive models did not include laboratory parameters such as white blood cell count and hyperglycemia, despite the fact they influence outcome in prospective studies. 10 -12 Hyperglycemia is known to exacerbate neuronal death due to impaired metabolism during focal ischemia. 10 Leukocytosis has been proposed to affect stroke outcome through microvascular thrombosis and hyperviscosity but more likely is a surrogate marker for fever and infection, 
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which causes clinical deterioration after stroke. 2, 12 Both hyperglycemia and leukocytosis can predispose to a more lengthy or complex hospitalization, which may have an impact on long-term recovery. The statistical significance in our multivariable analysis for these laboratory parameters highlights the necessity for defining their role in clinical deterioration because they can serve as a target for medical therapies post-stroke. Our findings are consistent with those of prior studies. Age has consistently been linked to neurological recovery after stroke as has the initial NIHSS. Patients with lower NIHSS scores have been shown to have a better prognosis. 1 This is due to the fact that the NIHSS represents an objective description of the extent of neurological deficit, 13 hence its inclusion in existing outcome prediction models. 4, 6, 14 However, the NIHSS does have a hemispheric bias, and higher NIHSS scores do not necessarily mean larger territorial infarcts because right and left hemispheric infarctions can have disparate scores when linked to stroke size. 15 Hence, a volumetric measurement of infarct size may also add predictive power in addition to stroke scales. DWI MRI infarct volume has been suggested because of its advantages over infarcts seen on CT and fluid-assisted inversion recovery MRI. Although there is evidence of diffusion reversibility 16 and fluid-assisted inversion recovery MRI infarcts are used as a standard for measurement for chronic infarct size, 17 infarcts on DWI are better visualized than on CT and correlate better with earlier infarction than fluid-assisted inversion recovery MRI for the purpose of prognostication.
MRI stroke volume models have inconsistently shown a correlation between outcome and DWI infarct size. 18, 19 Our results are consistent with 2 retrospective studies correlating DWI stroke volumes with outcome based on clinical scales but differ in that a larger sample size with a homogeneous population was used. 4, 6, 19 We believe that our sample thus allows for better prediction in moderate-sized infarcts in which prognostication may be equivocal and in a population restricted only to MCA cortical infarcts.
Other advantages of our model compared with existing ones include the homogeneity of our population. 5 Also, compared with other MRI-based volumetric outcome studies, validation was done using a separate prospective data set with a similar imaging protocol and with similar vascular lesions like in our study. 7 Previous CT-based outcome studies identified that combining clinical and radiographic parameters strengthens prognostication. 14 We believe the present study also offers improvements over existing models largely due to the inclusion of hyperglycemia and leukocytosis for prognostication. Our statistical analysis did suggest that the combination of these parameters was better for prognostication than the variables considered alone.
Although thrombolysis impacts outcome, few patients in our sample received this therapy, hence its nonstatistical relationship to outcome in our univariate model. Thrombolysis was not considered in the multivariable analysis because of our small numbers and our findings that vessel patency had a greater impact in the univariate analysis. There is good rationale to believe that vessel patency has prognostic value but probably failed due to the MRI timing in our model. Late MRI may identify larger infarct volumes due to stroke evolution compared with hyperacute MRI in which vessel patency and perfusion parameters may be more significant. With total or near-total occlusion, we presume that infarct volume will increase as a function of time from stroke onset. Hence, our delayed MRI scan time could have revealed larger stroke volumes that statistically outweighed any predictive value for the patency in the MCA in the multivariable analysis.
Our study's main limitation is the retrospective design from a single center. Approximately 20% of screened patients were excluded because of missing data or late MRI. We do not know the ultimate outcomes of these patients and how they may have impacted our model had they been included. The same can be said for those without 30-day follow-up at our institution. Data from these patients would also have provided a larger sample to adequately analyze our large number of univariates. Another consideration with our sample is the time of our data collection. Our initial goal was to replicate our model with a similar prospective data set with a more recent timeframe. However, we felt that prospective validation from a formal registry such as DEFUSE would strengthen our model instead. Unfortunately, the timeframe of this study does not include important findings from newer studies including perfusion MRI data, which could have importance. Earlier investigations using perfusion MRI suggested that the volume of perfusion deficit correlated with clinical outcome. 20 Newer evidence does corroborate these findings with poor outcomes despite recanalization in the setting of large volumes of hypoperfused tissue. 21 Our findings need further prospective validation. This is currently being investigated prospectively with more sophisticated outcome measures to confirm our model. Once validated, we do feel this will be a useful tool for clinical decision, quality assessment, and research methodologies in patients with cortical MCA infarcts. [3] 和 MRI 弥散加权成像 (DWI) [4] 的梗死体积同样也有预测价值。临床并发症和影像 学参数协同提高预测能力 [5, 6] 
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大 动 脉 粥 样 硬 化，41 例 (32%) 心 源 性 栓 塞，20 例 (16%) 原 因 不 明 和 8 例 (6%) 其 他 原 因 导 致。61 例 (47%) 患者右侧梗死，68 例 (53%) 是女性患者。15 例(
